Background. Mandibular cortical morphology (MCM) and mandibular cortical width (MCW) are 2 indices related to the mandibular inferior cortex in panoramic radiography.
The mandibular inferior cortex is one of the anatomical landmarks of panoramic radiography. Mandibular cortical morphology (MCM) and mandibular cortical width (MCW) are two indices related to this landmark. MCM was first classified by Klemetti et al. , and is categorized into 3 groups based on the degree of erosion. 1 MCW is determinable in a line perpendicular to the tangent of the inferior border of the mandible and intersecting the mental foramen, as described by Taguchi et al. 2 Several studies have been carried out to investigate possible relationships between mandibular inferior cortex indices and bone metabolism markers. Deguchi et al. concluded that increased serum bone-specific alkaline phosphatase and urinary N-telopeptide crosslinks of type I collagen are significantly associated with mandibular inferior cortex erosion. 3 In another study by Taguchi et al., no significant relationship was found between MCW and total serum alkaline phosphatase and N-telopeptide crosslinks of type I collagen. 4 Nevertheless, Vlasiadis et al. reported a significant correlation between serum bone alkaline phosphatase and MCW. 5 Moreover, a 9-year follow-up study by Kiswanjaya et al. reported that increases in erosion of the mandibular inferior cortex are significantly associated with elevated total serum calcium. 6 Serum calcium and phosphorus are 2 important markers of bone metabolism. [7] [8] [9] There are several diseases and drugs that change the levels of these minerals. [10] [11] [12] Also, changes in bone turnover appear in individuals over 40 years old, regardless of any pathological condition. 13 Based on the available literature, there have been few studies investigating possible relationships between these serum markers and mandibular inferior cortex indices in both sexes in various age groups. The aim of the present study was to evaluate the relationship between serum calcium and phosphorus levels and MCM and MCW in patients over 40 years old at the Department of Oral and Maxillofacial Radiology at Isfahan School of Dentistry (Isfahan, Iran).
Material and methods

The subjects
This analytic cross-sectional study involved patients over 40 years old who came to the department to have panoramic radiographs taken. Inclusion criteria for the study were: a lack of systemic and metabolic diseases; a lack of congenital disorders; no history of major mandibular surgery or ovariectomy; not taking calcium, phosphorus or vitamin D supplements, anti-acids, lithium, thiazide diuretics, thyroxin or steroids. Patients were excluded if they were unwilling to participate in the study or if their panoramic radiographs contained errors or lacked clarity in the desired region. All the participants signed a consent form prior to enrollment in the study. The Isfahan Regional Bioethics Committee approved the study (permit number 394440).
Data collection
The patients' demographic information was recorded, including age, sex, and the mentrual status of the females (premenopausal or postmenopausal). All the panoramic radiographs were taken using the Proline ® XC digital panoramic X-ray unit (Planmeca, Helsinki, Finland), with the patient's head positioned in the device with the midsagittal plane perpendicular and Frankfurt plane parallel to the floor. Blood specimens were then collected from each participant and serum calcium and phosphorus levels were determined.
The panoramic radiographs were displayed on a monitor (Flatron ®   , LG Electronics, Seoul, South Korea) using the associated software. MCM was determined by observing the mandible distally from the mental foramen on both sides and categorized in accordance with Klemetti et al. 1 ( Fig. 1 ): 1. Class 1 (normal cortex): The endosteal margin of the cortex is even and sharp on both sides. 2. Class 2 (mildly to moderately eroded cortex): The endosteal margin has semilunar defects (lacunar resorption) or there are cortical residues on one or both sides. 3. Class 3 (severely eroded cortex): There are heavy endosteal cortical residues and the cortical layer is clearly porous on one or both sides. The MCW was measured bilaterally on the radiographs in the mental foramen region. A line tangential to the inferior border of the mandible was drawn. A line perpendicular to this tangent and intersecting the mental foramen was drawn, and the MCW was measured along this line (Fig. 2) . The mean values of the MCW on both sides was used for the statistical analysis. 2 The determination of the MCM and MCW for all the radiographs was done by 2 observers: an oral and maxillofacial radiologist and a trained dental student. Inter-observer agreement was reported to be high for both MCM (kappa = 0.963, p < 0.001) and MCW (ICC = 0.963, p < 0.001). Therefore, the measurements of the first observer were recorded for MCM, and the mean values obtained by the two observers were recorded for MCW.
Statistical analysis
The data were analyzed using IBM SPSS Statistics v. 22 software (IBM Corp., Armonk, USA). Pearson and Spearman correlation coefficients, the Mann-Whitney U test and Student's t-test were used for the statistical analysis. The level of significance was set as  = 0.05.
Results
Out of the 90 participants in the study, 55 (61.1%) were female and 35 (38.9%) were male. Among the female patients, 30 (54.5% of the females and 33.3% of all the patients) were premenopausal and 25 (45.5% of the females and 27.8% of all the patients) were postmenopausal. The age of the patients ranged from 40.08 to 70.50 (mean = 51.26 ± 7.55).
Most of the patients (63.3%) had mildly to moderately eroded cortices (MCM Class 2), while 23.3% of them had severely eroded cortices (MCM Class 3) and 13.3% had normal ones (MCM Class 1). MCW ranged between 0.85 mm and 8.02 mm, with a mean value of 4.28 ± 1.09 mm.
The statistical analysis revealed that MCW was not significantly different between men and women (p = 0.666). 
Discussion
This study found that MCM classification differed significantly between men and women. MCM also significantly correlated with age, while MCW did not. Moreover, neither MCM nor MCW were related to serum calcium or phosphorus levels; however, they had a significant negative correlation with each other. In this study MCW did not show any significant difference between the genders; the mean MCW was 4.24 and 4.34 in women and men, respectively. In a study by Mirbeigi et al. in an Iranian population, the mean MCW values were 3.72 in women and 4.74 in men, which was a statistically significantly difference.
14 According to Vlasiadis et al., the mean MCW in a Greek female population was 4.57 ± 1.03. 15 These discrepancies might have resulted from variable magnification factors for different radiographic devices, as well as ethnic differences. A study performed by Dutra et al. suggested that mean MCW values are higher in men, especially in old age; they observed a significant difference in the mean values of MCW between the genders in patients older than 75 years. 16 In the present study none of the patients were in this age range, and this may be the reason that no gender difference was noted. However, a study of Polish patients aged 20 to 95 years by Kalinowski and Różyło-Kalinowska concluded that MCW is higher in males in all age groups. 17 The difference between the findings may be attributed to the smaller sample size in the present study compared to their study.
In the present study, class 3 MCM was more frequent in men and postmenopausal women than premenopausal women, while class 1 MCM was more frequently observed in premenopausal women; however, these difference did not reach the level of statistical significance Generally, mild to severe erosion of the mandibular cortex was significantly more common in men than in women. As far as the authors know, no previous study of MCM has included men, premenopausal women and postmenopausal women and differentiated the findings in this respect. A study by Gulsahi et al. in a Turkish population failed to show any significant relationship between the genders regarding MCM. 18 Other studies concluded that MCM is significantly different between men and women, and that class 3 is higher in women than in men. 19, 20 The differences between the findings of these studies may be attributed to different sample sizes and different ages of the participants.
In this study MCW was not affected by age. In their study on a group of females, Ledgerton et al. reported that MCW is negatively correlated with age, especially between the ages of 55 to 74 years, which is older than the mean age of the participants in the present study. 21 MCM was significantly correlated with age in the present study. This finding is consistent with a study by Vlasiadis et al. in which MCM class 2 and class 3 are associated with increased age. 15 Similar age-related trends have been reported in studies by Gulsahi et al., 18 Ledgerton et al., 21 and Knezović Zlatarić et al. 22 In this study MCM and MCW were found to have a significant negative correlation with each other. This finding is in agreement with a study by Vlasiadis et al. in which mild to severe cortical erosion was associated with decreased MCW. 15 Moreover, this negative correlation was also observed in studies by Govindraju et al. 23 on an Indian population and by Khatoonabad et al. on an Iranian population. 24 In the present study neither MCM nor MCW were significantly correlated with serum calcium or phosphorus levels. Similar findings were reported in a study by Johari Khatoonabad et al. 24 However, a 9-year follow-up study on 70-year-old individuals by Kiswanjaya et al. concluded that an increase in erosion of the mandibular inferior cortex was associated with an elevated serum calcium level only in women. 6 In the present study, the mean values of serum calcium and phosphorus (presented in Table 1 ) were all within the normal range. It seems that at least in middle-aged patients, factors associated with the regulation of serum minerals maintain calcium and phosphorus within normal limits even when bone is undergoing resorption. However, in older patients these mechanisms may fail to precisely regulate serum calcium and phosphorus levels following remodeling and resorption changes in bone. This could explain why significant correlations were not observed between mandibular inferior cortex indices and serum levels of calcium and phosphorus. Studies performed on older patient populations may help to clarify any association.
One of the limitations of the present study was that it omitted to take into account the number of months past menopause in postmenopausal women, as many of the female participants did not give clear information regarding the exact time of menopause. For further investigations, follow-up studies are suggested to monitor changes in mandibular inferior cortex indices and bone turnover markers over a longer period of time.
Conclusions
The results of the present study indicated that MCM and MCW were not related to serum calcium or phosphorus levels. However, they had a significant negative correlation with each other. While MCW did not show any correlation with age or gender, MCM was significantly associated with both age and gender. Further studies might clarify any possible relation between mandibular inferior cortex indices and serum calcium and phosphorus levels.
